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1
ELECTRIC POWER SOURCE

This application is a continuation of application Ser. No.
07/816,582 filed Jan. 3, 1992, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a high voltage AC power

supply circuit adapted for use in an image forming apparatus.

such as copying machine, printer or the like.
2. Related Background Art

In the conventional high-voltage AC power supply circuit
for an image forming apparatus, a DC-DC converter circuit
is inserted between a low voltage terminal and a ground
terminal of a secondary coil of an AC high-voltage trans-
former in order to control the DC current in an AC charging
wire of a separating charger constituting a load. Particularly
if the control range of the DC current becomes wider and
spreads from the positive to the negative side, there are
required a DC-DC converter with a positive output and
another DC-DC converter with a negative output.

FIG. 4 schematically show the basic structure of the
above-mentioned conventional example, wherein shown are
an AC high-voltage power source 21 including an AC
high-voltage transformer; a DC-DC converter 22; an output
terminal P1; a separating charger 23 constituting a load; and
a direct current 1, required for an electrostatic sheet sepa-
ration. The direct current 1, has to be in a direction opposite
to the output of the DC-DC converter 22.

FIG. 5 is a circuit diagram of the DC-DC converter 22,
wherein the primary DC input to a transformer T31 is
chopped by a switching transistor TR31 controlled by an
output control circuit 31, and the generated secondary output
is rectified and smoothed by a diode D31 and a capacitor
C31.The secondary rectifying circuit is further provided
with a bleeder resistor R31.

FIG. 6 shows the voltage-current characteristic of the
DC-DC converter 22, indicating the DC voltage v ,. and the
direct current i1,. respectively in the ordinate and in the
abscissa. FIG. 7 shows the voltage-current characternistic of
the separating charger 23 receiving power supply from said
high voltage AC power supply circuit, indicating the current
1 and voltage v respectively in the ordinate and in the
abscissa. As shown in FIG. 7, the separating charger 23 has
an apparently asymmetrical characteristic on the positive
and negative sides, accepting more easily a current of the
negative side.

In the above-explained structure and characteristics, the
resistance of the breeder resistor R31 has to be made
infinitely small, 1n order to bring the direct current i, to
400 pA. For this reason the DC-DC converter 22 has to be
of a high power type, which gives ride to the drawbacks of
heat generation and a high cost.

If the control range of the direct current i,. is further
spread from the limit of about zero in FIG. 6 to a positive
area, it becomes necessary to serially insert a DC-DC
converter 25 of a fixed output, with a polarity opposite to
that of the vanable-output DC-DC converter 22, as shown in
FIG. 8. Since the control range of the direct current i ,. on the
load side becomes narrower by the output voltage of the
fixed-output DC-DC converter 25, the output control range
of the vaniable-output DC-DC converter 22 has to be accord-
ingly widened, so that the power loss becomes even larger.

As explained in the foregoing, the DC-DC converter 22
requires a small resistance 1n the bleeder resistor R31 shown
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in FIG. 5, thus resulting in a significant power loss when the
control range of the direct current i,. required for electro-
static sheet separation becomes wider. Also it requires a
complex circuit structure.

SUMMARY OF THE INVENTION

In consideration of the foregoing, the object of the present
invention 1s to provide an AC high-voltage power supply
circuit, adapted for use in an image forming apparatus, and
capable of controlling the DC component of the load current
of a charger over a wide range from positive to negative side,
with a simple structure and with a low power loss.

The above-mentioned object can be attained, according to
an aspect of the present invention, by a structure comprising,
on the low voltage side of a secondary coil of an AC
high-voltage transformer, a DC constant current circuit
consisting of a transistor and a diode, a constant voltage
circuit connected 1n the opposite manner in polarity to the
DC constant current circuit, and a load current detection
circuit for detecting the DC component of the load current,
wherein the output of the constant voltage circuit and that of
the constant current circuit are controlled according to the
output of the load current detection circuit.

According to another aspect, the above-mentioned object
can be attained by the above-mentioned structure which is
further featured by the fact that the constant voitage circuit
includes a DC-DC converter, or by a fact that the constant
voltage circuit includes a tertiary coil provided in the
secondary side of the AC high-voltage transformer and a
shunt regulator provided with the rectifying circuit, or by the
fact that a certain difference is provided between the
response speeds of the constant voltage circuit and of the
constant current circuit.

The above-explained structures allow the control of the
outputs of the constant voltage circuit and of the DC
constant current circuit by the output of the load current
detection circuit, whereby the DC component of the load
current in the charger constituting the load can be varied
over a wide range from the positive to the negative side.

The above-mentioned object can be attained, according to
another aspect of the present invention, by dividing the
output current into positive and negative components by a
diode and controlling one of the components by a transistor,
and, more specifically, by an AC high-voitage generating
device comprising an AC high-voltage transformer; an out-
put terminal provided at an end of a secondary coil of the
transformer; a current control; circuit connected between the
other end of the secondary coil and the ground and consist-
ing of a senal circuit of a diode and a transistor, another
diode directed opposite to the first-mentioned diode, and a
resistor of a predetermined resistance, connected in parallel
manner; a detection circuit for the DC component of the load
current, and a control unit for controlling the transistor
according to the output; of the detection circuit.

According to another aspect, the control unit 18 provided
with a differential amplifier, and a power source for the
differential amplifier, maintained in a floating state in such
a manner that the operating current and output current of the
differential amplifier do not flow into the detection circuit for
the DC component of the load current.

According to another aspect, the control unit 1s provided
with an emitter follower ctrcuit, and a power source for the
emitter follower circuit, maintained in a floating state in such
a manner that the operating current and output current of the
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cmuitter follower circuit do not flow into the detection circuit
for the DC component of the load current.

According to still another aspect, there are further pro-
vided a detection circuit for the AC component of the load
current, and a circuit for deactivating the primary coil of the
high-voltage transformer when the output of said detection
circuit exceeds a predetermined value.

According to still another aspect, the power source in the
floating state utilizes a rectified and smoothed output of a
tertiary coil provided in the high-voltage transformer.

According to still another aspect, the power source in the
floating state utilizes a double-voltage rectified output of an
AC voltage obtained by an oscillator circuit.

According to still another aspect, the transistor is a field
elfect transistor.

In the above-mentioned configurations, the positive and
negative components of the output current respectively pass
through different diodes in the current control circuit, and
one of said components is controlled by the transistor. The
use of power source in floating state enables exact detection
of the load current. Also the high-voltage transformer is

deactivated when the AC component Of the load current
exceeds a predetermined value. Furthermore, the use of a
field effect transistor enables exact detection of the load
current, without the power source in floating state.

The above-mentioned object can be furthermore attained,
according to another aspect of the present invention, by an
AC high-voltage power supply circuit, adapted for use in an
image forming apparatus, comprising a current control cir-
cuit consisting of a serial circuit of a diode and plural
transistors, another diode directed opposite to the first-
mentioned diode, and a resistor the resistance of which is
larger by a predetermined value than the difference between
the positive and negative pseudo equivalent resistances of
the charger constituting the load, all connected between the
secondary coil of a high-voltage transformer and the ground,
and further comprising a detection circuit for the DC com-
ponent of the load current and control means for controlling
the base current of a transistor in the current control circuit
according to the output of said detection circuit.

The above-explained configuration divides the secondary
high-voltage current of the high-voltage transformer into
positive and negative DC currents by means of diodes, and
controls the DC component of the load current by the current
control circuit inserted into one of the divided currents.

Also the DC component of the load current can be
controlled over the positive and negative ranges, since the
resistance connected parallel to the current control circuit is
larger than the difference of the positive and negative pseudo
resistances of the load charger. |

For achieving a wide-range control on the DC component
of the load current, the output voltage of a serial regulator in
the current control circuit has to be variable over a wide
range. In the above-explained configuration,the voltage is
divided among plural transistor in a serial circuit constitut-
ing the serial regulator, so that the voltage is not limited by
the breakdown voltage of respective transistor. Thus the DC
component of the load current of the charger can be con-
trolled over a wide range from positive to negative side,
through the control of base current of the transistors of the

serial regulator according to the output of the detection
circuit, |

Other objects of the present invention, and the advantages
thereof, will become fully apparent from the following
description, which is to be taken in conjunction with the
attached drawings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a first embodiment of the
present invention;

F1G. 2 1s a circuit diagram of a 2nd embodiment;
FIG. 3 1s a circuit diagram of a 3rd embodiment;

FIG. 4 is a schematic diagram of the basic structure of
conventional circuits;

FIG. 5 is a circuit diagram of a DC-DC converter in the
conventional circuit;

FIG. 6 i1s a voltage-current characteristic chart of the
DC-DC converter in said conventional circuit;

FIG. 7 is a voltage-current characteristic chart of a sepa-
rating charger constituting a load for the AC high-voltage
power supply circuit,

FIG. 8 1s a schematic diagram of a circuit including an
additional fixed-output DC-DC converter;

FIG. 9 1s a circuit diagram of a 4th embodiment;

FIG. 10 is an equivalent circuit diagram of said 4th
embodiment and a load charger;

FIG. 11 is a chart showing the function of the 4th
embodiment;

FIG. 12 is a circuit diagram of a 5th embodiment;
FIG. 13 is a circuit diagram of a 6th embodiment;
FIG. 14 1s a circuit diagram of a 7th embodiment;
FIG. 15 1s a circuit diagram of an 8th embodiment;
FIG. 16 is a circuit diagram of a 9th embodiment;
FIG. 17 is a circuit diagram of a 10th embodiment;

FIG. 18 is an equivalent circuit diagram of the power
supply circuit of the 10th embodiment and a load charger;

FIG. 19 is a voltage-current characteristic chart of the
charger in the 10th embodiment;

FIG. 20 is a circuit diagram of an 11th embodiment;
FIG. 21 is a circuit diagram of a 12th embodiment;
FIG. 22 1s a circuit diagram of a 13th embodiment;

FIG. 23 is a circuit diagram showing an example of a
floating power source in the 13th embodiment; and

FIG. 24 is a circuit diagram of a 14th embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a circuit diagram of an AC high-voltage power
supply circuit, for electrostatic sheet separation in an elec-
trophotographic copying machine, constituting a first
embodiment of the present invention, wherein provided are
an AC high-voltage transformer T1, and switching transis-
tors TR1, TR2 for primary side drive, controlled by a control
circuit 1 to provide a push-pull output. Output of a second-
ary 10 high-voltage coil L2 of the transformer T1 is sup-
plied, through an output terminal P1, to a separating charger
constituting the load.

A converter transformer T2 is provided for a constant
voltage circuit, and a rectified positive output of the sec-
ondary side thereof is connected to the low voltage side of
the secondary coil of the high-voltage transformer T1. The
primary side of the converter transformer T2 is driven by a
transistor TR11, and the output of the converter transformer
T2 1s controlled by regulation of the duty ratio of the
collector current of the transistor TR11, through a pulse
width modulation (PWM) circuit 11 connected to the base
thereof. The secondary output of the transformer is rectified
and smoothed by a diode D11 and a capacitor C11. A bleeder
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resistor R11 is connected parallel to the capacitor C11, and

a constant voitage circuit 2 1s constituted by the above-
explained structure.

The low voltage side of the secondary coil of the con-
verter transformer T2 of said constant voltage circuit is
connected to the anode of a high-voltage diode D1 and the
cathode of another high-voltage diode D2. The cathode of
the high-voltage diode D1 is connected to the collector of a
hgh-voltage transistor TR3, while the anode of the high-
voltage diode D2 is connected to the emitter of the high-
voltage transistor TR3. A diode varistor D61 is connected
parallel to the high-voltage diode D2, for the purpose of
circuit protection. |

Between the emitter of the high-voltage transistor TR3
and the ground, there i1s inserted a load current detection
circuit 4, consisting of a resistor R1 and a capacitor C1, for
detecting the DC component of the load current. Differential
amplifiers OP1, OP2 compare the voltage detected by said
detection circuit 4 with a reference voltage supplied to a
terminal P2.

'The output of the difierential amplifier OP1 is supplied to
the base of the high-voitage transistor TR3, thereby controi-
ling the base current thereof in such a manner that the
detection output of the detection circuit 4 becomes equal to
the reference voltage at the terminal P2. Thus the high-
voltage diode D1 and the high-voltage transistor TR3 con-
stitute a DC constant current circuit 3 controlled by the
detection output of the load current detection circuit 4.

The output of the differential amplifier OP2 is supplied to
the PWM circuit 11, thereby controlling the secondary

rectified output of the converter transformer T2 in such a
manner that the detection output of the detection circuit 4
becomes equal to the reference voltage at the terminal P2.

Thus the output of the constant voltage circuit 2 is controlled

by the detection output of the load current detection circuit
4,

During an increase in the collector current of the high-
voltage transistor TR3, the outputs of the differential ampli-
fiers OP1 and OP2 respectively become positive and nega-
tive, thus reducing the rectified output of the converter
transformer T2, so that the dynamic range in the negative
side of the load current does not become narrower.

Also during a decrease in the collector current of the
high-voltage transistor TR3, the outputs of the differential
amplifiers OP1, OP2 respectively become negative and
positive, thus increasing the rectified output of the converter
transformer T2, so that the dynamic range in the positive
side of the load current does not become narrower.

In comparison with conventional structures, the above-
explained configuration enables the varying of the DC
component of the load current of the charger over a wider
range from positive to negative side, with a higher efficiency
and a reduced heat loss, and without the use of a power
device or a heat sink. Also the circuit is protected from
shortcircuiting of the load, resulting, for example, from the
breakage of charging wires, and is therefore capable of
preventing the accidental production of fire or smoking
resulting from spark leaking. Furthermore, the load current
can be very easily controlled, since the serially connected
DC constant current circuit and constant voltage circuit are
not controlled independently but simultaneously by the
voltage detected by the load current detection cricuit 4.

FI1GS. 2 and 3 are circuit diagrams showing other embodi-
ments, wherein parts same as or equivalent to those in the
foregoing embodiment are represent by the same symbols
and will not be explained further.
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In a 2nd embodiment shown in FIG. 2, an integrating
circuit 5, consisting of a resistor R12 and a capacitor C12,
1§ inserted between the differential amplifier OP2 and the
PWM circuit 11, 1in order to render the response speed of the
constant voltage circuit 2, including the converter trans-
former T2, slower than that of the DC constant current
circuit 3 including the high-voltage transistor TR3, thereby
improving the stability of circuit operation. The difference in
the response speeds can be arbitrarily selected by the resistor
R12 and the capacitor C12.

In a 3rd embodiment shown in FIG. 3, the constant
voltage circuit involving the DC-DC converter shown in
FIG. 1 1s replaced by a tertiary coil L3 provided at the
secondary side of the high-voitage transformer T1 and a
shunt regulator 81 which constitutes a constant voltage
circuit driven by the voltage generated in the tertiary coil L3
and 1s connected between the low voltage side of the
high-voltage coil L2 of the high-voltage transformer T1 and
the DC constant current circuit 3 consisting of the transistor
TR3 and the diode D1. The shunt regulator 81 is provided
with a rectifying circuit consisting of a diode D23 and a
capacitor C23.

The output of the differential amplifier OP2 is supplied to
the base of a transistor TR21 of the shunt regulator 81, and
the collector current of the transistor TR21 is controlled by
the output or the voltage detected by the load current
detection circuit 4, whereby the output voltage of the shunt
regulator 81, across the capacitor C23 and resistor R23, can
be regulated. The output is supplied, as in the foregoing
embodiments, to the low voltage side of the high-voltage
coil of the AC high-voltage transformer T1.

When the input signal to the terminal P2 is increased, the
output of the differential amplifier OP1 is elevated to

~1ncrease the collector current of the transistor TR3 in the DC
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constant current circuit 3, thereby increasing the load current
in the negative direction. At the same time the output of the

. differential amplifier OP2 is also elevated to increase the

collector current of the transistor TR21 of the shunt regulator
81. The output of the tertiary coil L3 of the high-voltage
transformer T1 is lowered at the junction between the
transistor TR21 and the capacitor C21, because of the
voltage drop in the serial impedance of the resistor R2 and
the capacitor C21, so that the output of the shunt regulator
81, corresponding to the double of said output voltage, is
also lowered. Of the other hand, when the input signal to the
terminal P2 is lowered, the output of the shunt regulator 81
Increases. |

The output of the differential amplifier OP1 is supplied, as
in the foregoing embodiments, to the base of the high-
voltage transistor TR3 of the DC constant current circuit 3,
which is thus controlled by the detection output of the
detention circuit 4.

The above-explained configuration and function provide
the effects stmilar to those in the embodiment shown in FIG.
1, without the use of a DC-DC converter.

These embodiments are applicable not only to the AC
high voltage supply circuit for sheet separation but also to
such circuit for supplying a developing bias voltage or for
other purposes.

The 1st to 3rd embodiments explained above do not
require a power device or a heat sink, since they are featured
by a simple configuration with little power loss and without
heat generation. Also since the serial connected DC constant
current circuit and constant voltage circuit are not indepen-
dently controlled but simultaneously by the output of the

load current detection circuit, the load current can be very
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easily controlled and the DC component of the load current
of the charger can be varied over a wide range, from positive
o negative region.

In the following there will be explained still other
embodiments.

[4th embodiment]

FIG. 9 is a circuit diagram of an AC high voltage
generating device constituting a 4th embodiment of the
present invention, wherein provided are an AC high-voltage
transformer T1, switching transistors TR1, TR2 for primary
side driving, and a push-pull output control circuit. The
output of a high-voltage secondary coil of said high-voltage
transformer T1 is supplied, through an output terminal P1, to
an unrepresented separating charger constituting the load.
The low voltage side P3 of the secondary coil of the
hgh-voltage transformer T1 is connected to the anode of a
mgh-voltage diode D1, the cathode of a high-voltage diode
- D2, and an end of a resistor R12. The cathode of the
mgh-voltage diode D1 is connected to the collector of a
high-voltage transistor Tr3, while the anode of the high-
voltage diode D2 and the other end of the resistor R12 are
connected to the emitter of said high-voltage transistor Tr3.
The components D1, TR3, R12 and D2 constitute a current
control circuit 6. Between the emitter of the high-voltage
transistor TR3 and the group, there is inserted a detection
circuit 3, consisting of a parallel circuit of a resistor R1 and
a capacitor Cl1, for detecting the DC component of the load

current. The resistor R1 and capacitor C1 obtain the average
of the load current.

The voltage detected by the detection circuit 3 is com-
pared with a reference voltage V, supplied to a terminal P2,
in an error amplifier 2 in a control unit 7. The output of the
error amplifier 2 serves to control the base current of the
high-voltage transistor TR3 in such a manner that the
detection output of the detection circuit 3 becomes equal to
the reference voltage V,, at the terminal P2.

The power for the error amplifier 2 is supplied by a power
source Ef in floating state. As a line of the power source is
connected to the emitter of the high-voltage transistor TR3,

the base current therecof does not flow into the current
detection circuit 3.

The value of the resistor R12 is determined in the fol-
lowing manner.

FIG. 10 is an equivalent circuit diagram of of the 4th
embodiment shown in FIG. 9 and the charger constituting
the load, and FIG. 11 is a voltage-current characteristic chart
of the DC component (average of load current) of the current
in the charger. Points A and B define the required control
range of the DC component. The high-voltage transistor
TR3 has to be turned on at the point A and off at the point
B. Consequently, in the off-state of the high-voltage tran-
sistor TR3, the positive current has to be larger than the
negative current by I,. Thus:

Vi/R, p—V (R R12)=1, (1)

wherein:
V. 72 of amplitude of AC high-voltage output
R, »: positive pseudo equivalent resistance of charger

R, 5+ negative pseudo equivalent resistance of charger.
Thus, R12 can be determined from the equation in the
following manner:
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Rip
1 = (3R p)IV,

The output of the detection circuit 3 is shifted in level by
resistors R3, R4, into the input dynamic range of the error
amplifier 2. As the current in the resistors R, R4 also flows
in the DC component detecting resistor R1, the resistances
of R3, R4 have to be sufficiently large in order not to affect
the accuracy of detection.

For a similar reason, the error amplifier 2 has to have a
sufficiently large input impedance.

As explained in the foregoing, there can be obtained an
AC high voltage generating device of a high efficiency,
capable of controlling the DC current over a wide range
covering positive and negative regions, without the use of a
DC-DC converter. Since the error amplifier has a power
source 1n floating state (hereinafter called floating power

source), the DC component of the load current can be
exactly detected.

(2)

R12 = — Ry

[5th embodiment]

FIG. 12 is a circuit diagram of a 5th embodiment, in
which the differential amplifier 2 is powered by a common
power source V., and a transistor TR4 of emitter follower
connection ires inserted between the output of the error
amplifier 2 and the base of the high-voltage transistor TR3.
An output line of a floating power source Ef is connected to
the collector of the emitter follower transistor TR4, while the
other output line of the power source Ef is connected to the
emitter of the high-voltage transistor TR3.

The present embodiment allows simplification of the
floating power source, since it is only used for supplying the
base current of the high-voltage transistor TR3.

During a positive cycle of the AC high voltage, a large
current flows from the base to the Emitter of the high-
voltage transistor TR3, since the base is positively biased
though the high-voltage diode D1 is turned off. However the
influence of the base current can be completely eliminated
by the use of the floating power source.

[6th embodiment]

FIG. 13 is a circuit diagram of a 6th embodiment having
a shortcircuiting protection circuit in the 4th embodiment.

If a shortcircuiting or a leak occurs in the load (charger)
connected to the terminal P1, the output voltage of the AC
mgh-voltage transformer T1 is applied between the collector
and the emitter of the high-voltage transistor TR3.

In such situation, the embodiment shown in FIG. 9 may
result 1n the destruction of the high-voltage transistor TR3,
driving transistors TR1, TR2 for the AC high-voltage trans-
former T1, high-voltage diodes D1, D2 or resistor R12.

In the present 6th embodiment, between the anode of the
high-voltage diode D2 for positive component bypassing
and the DC component detection circuit 3, there is inserted
an alternating current detection resistor R13, the detection
output in which is compared by a comparator with a pre-
determined value V,. If the detection output exceeds the
predetermined value, the comparator sends a high-level
output signal to the control circuit 1 for the AC high-voltage
transformer T1, thereby terminating the activation of the
switching transistors TR1, TR2.

The 6th embodiment not only protects the circuit from
shortcircuiting for example resulting from breakage of the
charging wire but also can prevent fire or smoke generation
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by spark leaking. Also the alternating current detection for
circuit protection from shortcircuiting i1s made possible
without an additional rectifying circuit. Furthermore, the
alternating current detection is made possible without affect-
ing the precision of DC component detection in the load
current.

[7th embodiment]

FIG. 14 is a circuit diagram of a 7th embodiment in which
the floating power supply Ef 1s obtained by rectifying and
smoothing the output voltage of a tertiary coil L3 provided
on the AC high-voltage transtformer T1.

[8th embodiment]

FIG. 15 shows an 8th embodiment in which the floating
power supply Ef is obtained by switching a transistor TRS
with the output of ah oscillator circuit 3, and effecting

double-voltage rectification on the switched output with
capacitors C5§, C6 and diodes D35, D6.

- [9th embodiment]

FIG. 16 shows a 9th embodiment employing a high-
voltage field effect transistor (FET) instead of the high-
voltage bipolar transistor TR3.

The 9th embodiment dispenses with the floating power
source and allows to simplification of the circuit structure,
because of the absence of current leak from the gate circuit
of FET, based on the high input impedance thercof.

The 4th to 9th embodiments explained above provide an
AC high-voltage generating device of a high efficiency,
capable of controlling the direct current over positive and
negative regions, without the use of a DC-DC converter

Also the DC component of the load current can be exactly
detected by the use of a floating power source.

It 1s furthermore possible, not only to protect the circuit
itself but also to prevent the generation of fire or smoke in
the load, resulting from spark leaking, by detecting an
excessive AC component in the load current voltage trans-
former.

Furthermore, the floating power source may be dispensed
with by the use of a field effect transistor in the current
control circuit,

In the following there will the explained still other
embodiments.

[10th embodiment]

FIG. 7 is a circuit diagram of an AC high-voltage gener-
ating circuit, adapted for electrostatic sheet separation in an
electro-photographic copying apparatus, constituting a 10th
embodiment of the present invention, wherein provided are
an AC high-voltage transformer T1, and switching transis-
tors TR1, TR2 for primary driving, driven by a control
circuit 1 to generate a push-pull output. The output of a
secondary high-voltage coil L2 of the AC high-voltage
transformer T1 is supplied, through an output terminal P1, to
a separating charger constituting the load.

The other end of the secondary high-voltage coil of the
high-voltage transformer T1 ms connected to a current
control circuit consisting of, serial connection of a high-
voltage diode D1 and a serial regulator 4, and also to a
paratlel circuit consisting of a high-voltage diode D2 and a
resistor R12. o
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10

The serial regulator 4 1s composed of serial connection of
high-voltage transistors TR3, TR4 and serves to control the
negative component of a separating corona current, which is
the load current, by a variation in the base current of said
transistor TR3 as will be explained later. A diode D2 is
provided for bypassing the positive component in the oppo-
site direction.

The resistor R12 determines the amount of negative
component i the load current when the serial regulator 4 is
cut off. Resistors R6, R7 of approximately equal resistances,
which are sufficiently larger than that of the resistor R12,
serve to divide the entire voltage across the serial regulator
4 substantially equal to the transistors TR3 and TR4.

Between the other ends of the serial regulator 4, resistor
R12 and diode D2 and the ground, there is inserted a
detection circuit 3 for detecting the DC component of the
load current, consisting of parallel connection of a resistor
R1 and a capacitor C1. |

The voltage detected by the detection circuit 3 1S com-
pared with a reference voltage CR supplied to a terminal P2,
by a differential amplifier 2, of which output controls the
base current of the transistor TR3 in such a manner that the
output of the detection circuit 3 becomes equal to the
reference voitage VR.

The differential amplifier 2 is powered by a floating power
source EF1. Since the other end of the floating power source
EF1 is connected to the emitter of the transistor TR3, the
base current thereof does not flow 1nto the current detecting
resistor R1.

The value of the resistor R12 is determined in the fol-
lowing manner. o

FIG. 18 1s a schematic equivalent circuit diagram of the
power supply circuit of the 10th embodiment shown in FIG.
17 and the load charger, and FIG. 19 is a voltage-current
characteristic chart of the DC component of the charger.

In FIG. 19, points A and B define the required control
range of the DC component. Thus the transistor TR3 has to
be turned on at the point A and off at the point B, and, in the
turmed-ofi state of the transistor TR3, the positive current has
to be larger than the negative current by I;. Thus

ViR, 57— V(R (R 5 )= (3}

wherein:
V,: Y2 of amplitude of AC high-voltage output
R, p: positive pseudo equivalent resistance of load charger

R;\: negative pseudo equivalent resistance of load
charger. |
Thus R,, can be determined {from the equation (3) in the
following manner:

Rip
1 = (ls3Rp)V,

The detection output of the DC component detection
circuit 3 has to be shifted in level by resistors R3, R4 so as
to fit into the input dynamic range of the differential ampli-
fier 2.

Also the values of the resistors R3, R4 have to be
sufficiently large, in order not to affect the precision of
detection, since the current in the resistors R3, R4 also {flows
in the DC component detecting resistor R1.

The differential amplifier 2, constituting control means for
controlling the bare current of the transistor TR3 of the serial
regulator 4 according to the output of the detection circuit 3
for the DC component of the load current, 1s to have a
sutliciently large input impedance, for a similar reason (o
that for the resistors R3, R4.

(4)

R12= Rin
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The above-explained configuration divides the secondary
high-voltage current of the AC high-voltage transformer T1
into positive and negative DC currents by the diodes D1 and
D2, and controls the DC component of the load current by
the serial regulator 4 constituting the current control circuit,
inserted in one of thus divided currents.

Also it can control the DC component of the load current
over positive and negative regions, as the resistor R12,
inserted parallel to the current control circuit, has a resis-
tance larger than the difference between the positive and
negative pseudo equivalent resistances of the load charger.

For achieving a wide-range control on the DC component
of the load current, the output voltage of the serial regulator
4 1n the current control circuit has to be variable over a wide
range. Since the serial regulator 4 divides the applied voltage
by serial connection of plural transistors TR3, TR4, it is not
restricted by the breakdown voltage of respective transistor.
Thus the DC component of the load current of the charger
can be controlled over a wide range including positive and
negative regions, by the control of base current of the
transistor 1n the serial regulator 4 according to the result of
comparison of the output of the detection circuit 3 with the
reference voltage VR in the operational amplifier 2.

Also the configuration of the present embodiment is
featured by a simpler structure and a lower power loss, in
comparison with the conventional devices.

[11th embodiment]

FIG. 20 is a circuit diagram of an 11th embodiment of the
present invention, wherein parts same as or equivalent to
those in the 10th embodiment are represented by same
symbols and will not be explained further.

In the present embodiment, the resistors R6, R7 provided
parallel to the serial regulator 4 are so selected that they have
a summed resistance equal to the resistance of the resistor
R12 in the 10th embodiment, thereby dispensing with Said
resistor R12. "

The resistance of a resistor R8 provided between the base
and the emitter of the transistor TR3 is selected sufficiently
smaller than that of the resistors R6, R7 and can therefore be
considered negligible.

In this manner there can be obtained an effect similar to
that in the 10th embodiment.

[12th embodiment]

FIG. 21 is a circuit diagram of a 12th embodiment of the
present invention, wherein parts same as or equivalent to
those in the 10th embodiment are represented by same
symbols and will not be explained further.

In the present embodiment, high-voltage field effect tran-
sistors (FET) Q3, Q4 are employed for the high-voltage
transistors TR3, TR4 in the serial regulator 4.

The output of the differential amplifier 2 controls the gate
voltage of the FET Q3. Since there is no current leak from
the gate G to the source S or drain D, the power source for
the differential amplifier 2 need not be in the floating state.
Consequently the circuit structure is simplified, and still a
same effect as in the 10th embodiment can be attained.

[13th embodiment]

FIG. 22 is a circuit diagram of a 13th embodiment of the
present invention, wherein parts same as or equivalent to
those in the 12th embodiment are represented by same
symbols and will not be explained further.
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In the 10th and 11th embodiments, with an increase of the
current in the serial regulator 4, the voltage thereacross
becomes lower, and the base current of the transistor TR4
also decreases. Consequently the saturation voltage of the
transistor TR4 becomes considerably high, and the control
range of the DC component of the load current become
limited.

For this reason, in the present embodiment, the potential
at the junction of the resistors R6 and R7 is given to the base
of the transistor TR4 through a transistor TRS of emitter
follower connection. The collector of the transistor TRS is
connected to a floating power source EF2, having the
reference at the emitter of the transistor TR4.

Base resistors R6, R7 of the transistors TR3, TR4 have
resistances in a range from several hundred ohms to several
kilo-ohms for elevating the destruction voltages of said
transistors.

FIG. 23 illustrates an example of the floating power
sources EF1, EF2 for the 13th embodiment.

A high frequency oscillator circuit 5§ drives a pulse
transtormer T, the secondary output of which is rectified to
provide a floating power source EF1 for the differential
amplifier 2 and a floating power source for the emitter
follower transistor TRS.

The above-explained configuration provides an effect
similar to that in the 10th embodiment, without the limita-
tion in the variable range of the load current resulting from

the base current of the high-voltage transistors TR3, TR4
constituting the serial regulator 4.

[14th embodiment]

FIG.24 is a circuit diagram of a 14th embodiment,
wherein parts same as or equivalent to those in the foregoing
embodiment are represented by same symbols and will not
be explained further.

In this 14th embodiment, the floating power supplies EF1,
EF2 are obtained, not from a pulse transformer but from a
capacity-coupled rectifying circuit.

The output frequency of the oscillator circuit 5 is selected
as high as possible, in order to minimize the coupling
capacity between the rectifying circuit and the oscillator
circuit. In the present embodiment, the oscillation frequency

is selected as 500 KHz, and coupling capacitors C42, C43,
C44 and C45 are selected as 100 pF.

The above-explained configuration provides an effect
similar to that in the 13th embodiment, while reducing the
cost of the floating power source and minimizing the attenu-
ation of the AC high-voltage output.

As explained in the foregoing, the circuits of the 10th to
14th embodiments can control the DC component of the
load current, by dividing the secondary high-voltage current
of the AC high-voltage transformer into positive and nega-
tive DC currents by diodes, and inserting a current control
circuit in one of thus divided currents.

Also the DC component of the load current can be
controlled over a wide range including positive and negative
regions, since the resistor positioned paraliel to the current
control circuit has a resistance larger than the difference

~ between the positive and negative pseudo equivalent resis-

tances of the load charger.

As the serial regulator is composed of serial connection of
plural transistors, it is not limited by the breakdown voltage
of respective transistor, and the DC component of the load
current of the charger constituting the load can be controlled
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over a wide range, from positive to negative region, through
the control of base current of the transistor constituting the
serial regulator, according to the output of the detection
circuit. Also the circuits of the embodiments are featured by
a simpler structure and a lower power loss, In comparison

with conventional circuits.

As explained in the foregoing,the present invention
enables to vary the DC component of an AC output in a
stmple manner over a wide range including positive and
negative regions.

The present mnvention 1s subject to various modifications
within the scope and spirit of the appended claims. Although
the present invention has been explained by a power supply
device for use in a separating charger in an eletrophoto-
eraphic copying machine or an eletrophotographic printer, it
1s likewise applicabie also to other high-voltage generating
devices releasing an output including a DC component
machine or an electrophotographic printer, it is likewise
applicable also to other high-voltage generating devices
releasing an AC output including a DC component.

What is claimed 1is:

1. An AC high-voltage power supply circuit for use in an
image forming apparatus including a load, comprising:

an AC high-voltage transformer to output AC high-volt-

age power;

a DC constant current circuit comprising a transistor, and

being connected to said transformer in series;

a diode which 1s connected to said DC constant current
circuit in parallel such that a current direction of said

DC constant current circuit 1s oppostte to that of said
diode;

a constant voltage circuit which 1s connected in series to
said DC constant current circuit and said transformer:

a load current detection circuit for detecting the DC
component of a load current of the load; and

a supply circuit for supplying composed voltage of an AC
output of said AC high-voltage transiormer and an
output of said constant voltage circuit to the load
without rectifying the AC output of said AC high-
voltage transformer,

wherein outputs of said constant voltage circuit and of said
DC constant current circuit are controlled by an output of
said load current detection circuit.

2. A power supply circuit according to claim 1, wherein
said constant voltage circuit includes a DC-DC converter.

3. A power supply circuit according to claim 1, wherein
said constant voltage circuit includes a tertiary coil provided
at the secondary side of the AC high-voltage transformer and
a shunt regulator including a rectifying circuit.

4. A power supply circuit according to claim 1, wherein
there is a predetermined difference between the response
speed of said constant voltage circuit and that of said DC
constant current circuit. |

5. An AC high-voltage generating device supplying a
voitage to a load, comprising:

an AC high-voltage transtormer;

an output terminal provided at a first end of the secondary
coil of said AC high-voltage transformer;

a current control circuit comprising a serial circuit of a
first diode and a transistor, a second diode opposite in
direction to said first diode, and a resistor of a prede-
termined value, wherein said first diode, said second
diode and said resistor are each connected in a parallel
manner between a second end of said secondary coil
and ground,
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a detection circuit for detecting a DC component of a load
current of the load;

a control unit for controlling said transistor according to
an output of said detection circuit; and

a supply circuit for supplying an AC output of said AC
high-voltage transformer to the load without rectifying
the AC output of said AC high-voltage transformer.

6. An AC high-voltage generating device according to

claim 5, wherein said coniro! unit includes:

a differential amplifier; and

a power source for said differential amplifier, maintained
in a floating state in such a manner that an operating
current and output current of said differential amplifier

do not flow into said detection circuit for a DC com-
ponent of the load current.
7. An AC high-voltage generating device according to
claim 5§, wherein said control unit includes:

an emitter follower circuit; and

a power source for said emitter follower circuit, main-
tained in a floating state in such a manner that the
operating current and output current of said emitter
follower circuit do not flow into said detection circuit
for the DC component of the load current.

8. An AC high-voltage generating device according to

claim §, further comprising:

a detection circuit for detecting the AC componenf of the
load current; and |

a circuit for deactivating a pnimary coil of said AC
high-voltage transformer when the output of said detec-
tion circuit exceeds a predetermined value.

9. An AC high-voltage generating device according to
claim 6, wherein said power source in a foating state
includes a tertiary coil provided in said AC high-voltage
transformer and provides electric power by rectifying and
smoothing the output of said tertiary coil.

10. An AC high-voltage generating device according to
claim 6, wherein said power source in a floating state
provides electric power by generating an alternating current
by an oscillator circuit and double-voltage rectitying said
alternating current. |

11. An AC high-voltage generating device according to
claim §, wherein said transistor is a field effect transistor.

12. A power supply circuit for use in an image forming
apparatus, comprising:

a current control circuit comprising a first diode and plural

transistors, wherein said first diode and said plural
transistors are serially connected;

a second diode for passing a current opposite in direction
to a current in said current control circuit; and

a resistor, the resistance of which is larger by a predeter-
mined value than a difference between positive and
negative pseudo equivalent resistances of a charger
constituting a load; said current control circuit, said
second diode and said resistor being connected between
a secondary coil of an AC high-voltage transformer and
ground;

a detection circuit for detecting the DC component of a
load current of the load; and

control means for controlling a base of a transistor of said
current control circuit according to the output of said
detection circuit, wherein said control means includes
a differential amplifier of a high input impedance
adapted for comparing an output of said detection
circuit inserted between said current control circuit and
ground with a predetermined reference voltage and
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accordingly controlling a base current of a transistor
positioned closest to ground among said plural transis-
tors in said current control circuit, and wherein said
differential amplifier is powered by a power source of
a floating configuration in such a manner that the
operating current and the output base current of said
differential amplifier do not flow into said detecting
resistor.

13. A power supply circuit according to claim 12, wherein
the bases of said plural transistors of the current control
circuit, excluding a base of the transistor closest to ground,
are connected to voltage-dividing resistors through emiiter
follower circuits powered by a power source in a floating
state.

14. A power supply circuit according to claim 12, wherein
the power source in a floating state provides electric power
by generating an alternating current by an oscillator circuit
and double-voltage rectifying said alternating current.

15. A power supply circuit according to claim 12, wherein
the power source in a floating state provides an electric
power by rectifying the output of a tertiary coil provided on
the AC high-voltage transformer.

16. An AC high-voltage power supply apparatus for use in
an image forming apparatus including a load, comprising:

an AC high-voltage transformer to output AC high-volt-
age power and to supply an AC output to the load
without rectifying the AC output;
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a DC constant current circuit comprising a transistor
which 1s connected to said transformer in series;

a diode element which is connected to said DC constant
current circuit in parallel such that a current flowing
direction of said diode element is opposite to that of
said DC constant current circuit:

a load current detection circuit for detecting the DC
component of a load current of the load; and

a feedback control circuit for controlling said DC constant
current circuit based on an output of said load current
detection circuit.

17. An apparatus according to claim 16, further compris-
Ing a constant voltage circuit which is connected in series to
said DC constant current circuit and said transformer.

18. An apparatus according to claim 17, wherein said
feedback control circuit controls said DC constant voltage
circuit based on the output of said load current detection
circuit.

19. An apparatus according to claim 16, further compris-
ing a register which is connected in parallel to said constant
current circuit and to said diode element.

20. An apparatus according to claim 16, wherein said DC
constant current circuit comprises a second diode whose
direction is opposite to said diode element.

k kK K ¥
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